adults from Altick Associates, Hudson, Wis. CBA/Cum (obtained from Cumberland View Farms, Clinton, Tenn.) or CBA/H-%Te mice (maintained at Sloan-Kettering from a stock derived from The Jackson Laboratories, Bar Harbor, Maine) of either sex were used as controls for experiments involving CBA/N mice. Macrophages for some experiments were obtained from (C57BL/6 × DBA! 2)F~ mice (Cumberland View Farms). Initial experiments with C3H mice involved C3H/StCR (Charles River Breeding Laboratories, Wilmington, Mass.) and wild-type C3H/HeJ mice from a colony derived from The Jackson Laboratories and on which the W x mutation is maintained. Later experiments were done comparing C3H/HeJ and C3HeB/FeJ mice obtained as adults from The Jackson Laboratories.
Cell Cultures. Semisolid and liquid cell cultures as well as granulocyte-macrophage progenitor (CFU-c) cell assays were performed essentially as described before (2) with the following modifications. Conventional liquid mitegen cultures and clonal assays were incubated in 7% CO2 in fully humidified air. A single batch of fetal bovine serum (FCS) (lot no. 1027; Flow Laboratories, Inc., Rockville, Md.) was used throughout. This particular serum supports slightly fewer B-cell colonies in agar mitogen-stimulated cultures than some other batches which we tested, but was selected because it caused an acceptably low background stimulation in liquid cultures. Agarsupported cultures were potentiated by the addition of LPS (10 ~g/ml culture), sheep red blood cells (SRBC) (0.1 ml of a 5% solution of washed SRBC obtained from Flow Laboratories, Inc.), macrophage feeder layers, or combinations of these. Feeder layers were prepared by allowing 10 ~ thioglycolate-activated peritoneal macrophages to adhere to Lux Contur culture dishes (Lux Scientific Corp., Thousand Oaks, Calif.) which were subsequently washed and overlaid with a 1 ml layer of 0.5% agar containing complete medium and 1.4 × 10 -7 M indomethacin. A full discussion of this procedure and its effects will be presented elsewhere3 Briefly, this insures an adequate supply of diffusible macrophage-derived factors, prevents prostaglandin-mediated inhibition, which results from an overabundance of macrophages, and results in colony formation which is a linear function of the number of B cells cultured. Mitogens used for stimulating liquid cultures were LPS from Salmonella typhosa W0901 (Difco Laboratories, Detroit, Mich.}, 5 ttg/culture; agar-derived mitogens (AM) prepared as described (2), 25 fig/culture; dextran sulfate (DS) (mol wt 500,000; Pharmacia Fine Chemicals, Inc., Piscataway, N. J.), 20 ttg/culture; and concanavalin A (Con A) (Pharmacia Fine Chemicals, Inc.) , 5 t~g/culture. B-cell differentiation was assessed after 3-5 days of incubation with LPS using the same culture conditions as for stimulation or in low-cell density liquid cultures prepared according to the method of Kearney and Lawton (19) . Cells were harvested from replicate cultures, pooled, evaluated by phase-contrast microscopy, and slides prepared with a cytocentrifuge. These were fixed and stained for the presence of cytoplasmic immunoglobulin with rhodamine-labeled (Fab')2 fragments of anti-t~ antibodies described elsewhere (3}.
Titration of Serum Inhibitor Levels. Individual samples of blood were collected from the tail, allowed to clot at room temperature, and the serum was separated. To 1 ml semisolid cultures of 105 CBA/Cum lymph node cells was added 0.1 ml of phosphate-buffered saline (PBS) or serum dilutions. Colonies were scored 5 days later, and the dilution required to reduce colony numbers by half determined.
Detection of Multipotential Stem Cells. The incidence of multipotential stem cells (CFU-s) in bone marrow cell suspensions was determined by injecting 5 × 104 cells into lethally irradiated (850 R) CBA/Cum mice and enumerating macroscopic colonies on the surface of the Bouin's fixed spleens 8 days later.
Results

Inability of CBA/N B Cells to Form
Colonies. When lymphoid cell suspensions from the spleen, lymph nodes, or peripheral blood of adult homozygous CBA/N mice were cultured in agar, no B-cell colonies were formed. In hundreds of such cultures initiated with up to 10 e lymphocytes per culture, only one possible B-cell colony was observed. Attempts were made to induce colony (Table II) . CBA/N cells did not interfere with, and even occasionally potentiated slightly, the formation of colonies by normal B cells. This slight enhancement was expected since addition of nonlymphoid cells to unpotentiated B-cell cultures increases cloning efficiency (1) .
Mitogen Responses of CBA/N B Cells in Liquid Cultures. It has been documented that CBA/N B cells are capable of subnormal but detectable proliferative responses to certain mitogens in liquid cultures (8) (9) (10) . Since mitogens native to agar are important for B-colony formation (2), it was important to test the ability of CBA/N mice to respond to these mitogens. Reactivity of CBA/N B cells to LPS, as assessed by luI-iododeoxyuridine (I~'~IUdR) uptake after 3 days in liquid culture, was variable but often quite vigorous (Table HI) . The proliferative responses of CBA/N B cells to agar-derived mitogens or dextran sulfate was more consistently lower than that of CBA/H or CBA/Cum lymphocytes but were still often measurable. When low responses to mitogens in liquid cultures were obtained, they could be restored by the addition of normal cells (Fig. 1) . It has been reported that mitogen-stimulated lymphocytes can incorporate radioactive (Table VI) . Unlike cell suspensions from CBA/N mice, there were a small number of colony-forming cells in the C3H/HeJ spleen and lymph nodes which formed normal size colonies and whose size and number were slightly potentiated by agents that had no effect on CBA/N B cells. ported, C3H/HeJ mice were poor responders to LPS in liquid cultures (Table  VII) . Excellent stimulation was seen, however, when the same cell suspensions were incubated with agar mitogens or dextran sulfate. Not surprisingly, our colony of C3H/HeJ Wx/+ mice responded to LPS in keeping with their colonyforming ability.
Liquid Culture Mitogen Responses by C3H Mice. As has been often re-
Potentiation of B-Cell Cloning by CBA/N and C3H/HeJ Macrophages. Formal proof that accessory cells which regulate B-cell clonal prolifer-
ation are intact in these B-cell defective mice was obtained by using thioglycollate-activated peritoneal macrophages from them to potentiate normal CBA/ Cum spleen or lymph node B cells. As shown in Table VIII , all strains of mice were equivalent in the ability of their macrophages to elaborate diffusible enhancing factors. Thioglycolate-activated peritoneal macrophages (M&) were allowed to adhere to culture dishes, washed, and covered by a spacer gel as described in the Materials and Methods. Cultures of spleen or lymph node cells were prepared over these and resulting colonies were scored 5 days later. (8) and serum IgM levels of CBA/N mice are elevated after LPS injection (11) . CBA/N B cells differentiated to plasma cells containing large amounts of immunoglobulin in cultures prepared at high initial cell density with LPS. The same cells proliferated and differentiated poorly compared to normal B cells, however, when the number of cells per culture was decreased eightfold. These findings suggest that defective mice may have B cells that are intrinsically unable to divide and mature in dilute in vitro culture or form colonies in semisolid culture where cell contact is minimized. The cell density in the low-density liquid cultures was approximately 1.8 x 103/mm 2 after settling to the bottom of the dishes as compared to a maximum of 1 x 103/ram 3 in the gel cultures. Alternatively, these particular culture conditions may select for a subpopulation of B cells which CBA/N mice lack. Cell density has been reported by others to have profound effects on the efficiency of in vitro B-cell differentiation and the classes of immunoglobulin which are expressed (19, 21) .
Discussion
CBA/N mice possess B cells which are capable of responding to antigens via participation of T cells, although the magnitude of these responses are often slightly subnormal (8, 9) , and the quality of the antibody produced may differ from that produced by normal animals (24) . The most striking abnormality of these mice is their inability to respond to those antigens that elicit B-cell responses in the absence of functional T cells. The total failure of CBA/N B cells to form in vitro colonies suggests that the assay preferentially, and perhaps exclusively, detects a subpopulation of B cells whose function is not dependent on T cells.
Several investigators have suggested the existence of a discrete functional category of thymus-independent B cells (termed B1) which might precede in ontogeny and/or phylogeny, a distinct thymus-dependent B-cell population (B2) (25, 26) . The reverse association, namely, that B2 cells might be an immature form orB1, has also been suggested (27, 28) , and CBA/N mice are said to have an immature distribution of B cells with respect to cell-surface immunoglobulin (13) . A possibility that is still open is that these two categories of B cells represent completely separate avenues of differentiation, each one of which contain cells of different maturational stages.
Evidence has been presented that in certain conditions of antigen priming, B1 cells have an apparent size difference from B2 cells (29) , and that responses to most, if not all, thymus-independent antigens are mediated by complement receptor-negative (CR-) B cells without participation of complement components (30) (31) (32) (33) (34) (35) . The most immature Ig + B cells lack CR; some of these may eventually become Ig ÷, CR ÷, and this maturation is reported to be genetically controlled (36) (37) (38) . The incidence of CR ÷ lymphoid cells in adult tissues is variable (39) , but Ig ÷, CR-lymphocytes usually comprise 30-60% of splenic B cells (34, 38) . Interestingly, cells taken from in vitro colonies at the end of culture have been found to lack CR (40) . Improvements in methodology have increased the efficiency of B-cell cloning, but still only a minority of B cells routinely form colonies. CBA/N mice are slightly deficient in splenic Ig ÷ cells (10) . Further analysis of the CR status of clonable B cells at the initiation of culture, and the possible role of activated complement in colony formation should test the relatedness of these findings. That is, the cells that are missing in CBA/N lymphoid tissues and that form colonies in vitro might be Ig +, CR-B1 type lymphocytes.
A number of observations suggest that although B1 cells and colony-forming cells may be distinct from B2 cells, neither is homogeneous. It has been shown that B1 cells include virgin and antigen-experienced cells of different sizes (29, 41) . Liquid and semisolid culture responses of C3H/HeJ B cells form an interesting contrast to those of CBA/N mice. C3H/HeJ mice taken from an appropriate breeding colony have approximately 10% as many colony-forming B cells as other histocompatible C3H substrains. Previously, the only known deficit associated with these mice was in reactivity to certain forms of endotoxin (LPS) (14) (15) (16) (17) (18) . Paradoxically, they mounted excellent liquid culture proliferative responses with agar-derived mitogens which are important for colony formation. The results are, therefore, subject to several different interpretations. A trivial one is that LPS is a vital factor in colony formation. The most likely source of LPS contamination is the agar used to support colonies since the mitogens native to our fetal calf serum differ from LPS in requiring 2 ME for B-cell activation (P. W. Kincade, unpublished observations). The importance of contaminating LPS in colony formation can be tested by adding anti-LPS antibodies to the cultures, since free antigen-antibody complexes are not inhibitory (3) . A second possibility is that 3-day liquid culture responses do not adequately assess the ability of B cells to undergo the prolonged division at infinitely low-cell density necessary for colony formation. These possibilities are under investigation. It is also tenable that C3H/HeJ mice have a quantitative deficit in B1. It has been reported that they are capable of in vitro and in vivo responses to thymusindependent antigens other than LPS (15) (16) (17) , but it is necessary to test their functional capability in a system where responding cells are limiting (41) . The incidence of cells with various B markers and density of B-cell surface Ig are reportedly normal in C3H/HeJ mice (16, 47) .
From numerous parallel studies of the requirements for liquid culture responsiveness and colony formation (P. W. Kincade, unpublished observations), it is apparent that proliferative ability is a necessary, but not sufficient, requirement for colony formation. The latter process is much more complex and is dependent on 2 ME, macrophage-derived factors, and substances in fetal calf serum in addition to an appropriate stimulating mitogen. The selectivity of the technique, which is demonstrated by these studies, suggests that it will be invaluable in defining functional B-cell subpopulations, their requirements for activation and differentiation, and their status in immune-deficiency diseases. Summary B cells from CBA/N mice did not form colonies in semisolid agar cultures under circumstances where normal B-cell clonal proliferation is linear with respect to the number of functional cells cultured. This was not due to the unresponsiveness of CBAJN cells to mitogens, and under appropriate liquid culture conditions many CBA/N lymphocytes differentiated to plasma cells containing large amounts of IgM in response to LPS. On the other hand, the same cells proliferated and matured poorly in liquid cultures prepared at lowcell density. The frequency of granulocyte-macrophage progenitors and multipotential hemopoietic stem cells in bone marrow, ability of peritoneal macrophages to elaborate soluble enhancing factors, and levels of serum inhibitors were normal in CBA/N mice. Together with the results of cell-mixing experiments, these findings confirm the selective and intrinsic nature of the CBA/N deficiency. It is suggested that the B-cell-cloning technique may be of value in selectively enumerating and assessing functional capability of thymus-independent B cells. C3H/HeJ mice which have previously only been known to be hyporesponsive to certain forms of lipopolysaccharide had a subnormal incidence of colony-forming B cells.
